Introduction
============

Retinoblastoma RB) is the most common intraocular malignancy in infants and young children worldwide ([@b1-ol-0-0-10331],[@b2-ol-0-0-10331]). RB usually occurs in children \<3 years of age and can affect one or both eyes ([@b3-ol-0-0-10331]). It is reported that the incidence of RB globally is \~1 in 15,000--20,000 live births, with as many as 9.32 cases per million children between 0 and 5 years of age worldwide annually ([@b3-ol-0-0-10331]).

Identification of the pathological features associated with RB is considered the gold standard for diagnosis ([@b4-ol-0-0-10331]). For those children who are suspected to have RB, clinicians rely mainly on clinical manifestations and auxiliary examinations to establish a diagnosis ([@b5-ol-0-0-10331]). Ultrasound and computed tomography examination can indicate the presence of intraocular tumors and the possible calcification points in the lesions, thus providing a basis for the clinical diagnosis of RB ([@b6-ol-0-0-10331]). Despite the increasing sophistication of examination methods, there remain cases of RB that cannot be diagnosed due to the clinical manifestations that are markedly similar to other ocular disorders ([@b1-ol-0-0-10331]). In a laboratory diagnosis, neuron-specific enolase (NSE) is a tumor marker widely used in the clinical setting to determine the presence of RB ([@b7-ol-0-0-10331]); however, this marker also has a certain value for diagnosing neuroblastoma, non-small cell lung cancer and other malignant tumors, leading to a high misdiagnosis and false positive rate when used to diagnose RB ([@b8-ol-0-0-10331]). Lactate dehydrogenase and carcinoembryonic antigen have also been used to assist in the diagnosis of RB, but the sensitivity and specificity of these laboratory indicators are poor ([@b9-ol-0-0-10331]). Therefore, identification of a more sensitive and specific molecular biology index is required in order to improve the early diagnosis rate of RB and save the lives of children.

MicroRNA (miRNA) is a non-coding endogenous small molecule of RNA 18--25 nucleotides in length ([@b10-ol-0-0-10331]). It binds to the target mRNA either completely or incompletely, and regulates the expression of downstream genes at the transcriptional or translational level, thus participating in embryonic development, cell proliferation, differentiation, apoptosis and fat metabolism ([@b10-ol-0-0-10331]). With the in-depth study of tumors and associated miRNAs, circulating miRNAs have attracted increasing attention. It has been revealed that miRNA expression can be detected in serum, cerebrospinal fluid and a number of other bodily fluids and may derive from the active release of apoptotic, necrotic or live tumor cells, although the precise origin of circulating miRNAs has not yet been universally identified ([@b11-ol-0-0-10331]--[@b13-ol-0-0-10331]). The presence of circulating miRNAs within bodily fluids alongside proteins and other particles makes them resistant to degradation via ribonucleases ([@b13-ol-0-0-10331]). Even under extreme conditions, such as strongly acidic, strongly alkaline or repeated freezing and thawing, expression of miRNA remains stable. This important characteristic of miRNA suggests that serum or serum miRNAs may have objective conditions as tumor markers for application in the clinical setting ([@b13-ol-0-0-10331],[@b14-ol-0-0-10331]).

Abnormal expression of miR-338-5p has been widely observed in various types of cancer ([@b15-ol-0-0-10331],[@b16-ol-0-0-10331]). In patients with colorectal cancer, upregulated serum miR-338-5p was suggested to be a potential circulating marker ([@b15-ol-0-0-10331]). Additionally, miR-338-5p was revealed as being increased in melanoma tissues and glioma ([@b17-ol-0-0-10331],[@b18-ol-0-0-10331]). However, to the best of our knowledge, the possibility of whether miR-338-5p is dysregulated in RB has never been investigated. The aim of the present study was to evaluate the expression of miR-338-5p in RB, thereby revealing whether it could be used as a potential biomarker to screen patients with RB from healthy controls.

Materials and methods
=====================

### Patient samples

Peripheral blood (4 ml) was collected from 65 patients with RB (male/female: 34/31; mean age: 3.8±1.7 years; age range: 2.2--5.8 years) and 65 healthy controls (male/female: 29/36; mean age: 3.5±1.6 years; 1.9--6.1 years) at Peking University Third Hospital (Beijing, China) between December 2016 and November 2017. Inclusion criteria were as follows: Patients who did not receive any treatment prior to surgery, patients whose tissue sections were diagnosed by the chief physician and patients with complete clinical data. Exclusion criteria were as follows: Patients with a history of mental disease and a family history of mental disease, or patients with complicated severe heart, lung, liver and renal dysfunction. According to the International Classification Standard for Retinoblastoma (ICRB) ([@b19-ol-0-0-10331]), patients with RB were divided into stages A, B and C (12 patients) or stages D and E (53 patients) ([Table I](#tI-ol-0-0-10331){ref-type="table"}). Written informed consent was obtained from each patient. The experimental protocol was preapproved by the Medical Ethics Committee of Peking University Third Hospital.

### Cell culture

A human retinoblastoma cell line Y79 was purchased from the American Type Culture Collection (Manassas, VA, USA). Y79 cells were cultured for 24 h to 70% confluence in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; HyClone; GE Healthcare Life Sciences, Logan, UT, USA), 100 U/ml penicillin and 100 mg/ml streptomycin at 37°C under normoxic conditions of 100% humidity, 95% air and 5% CO~2~.

Human normal retinal vascular endothelial cell line ACBRI-181 is a commercially available cell line (Cell Systems, Kirkland, WA, USA). For the culture of ACBRI-181 for 48 h, a special medium was used, consisting of Complete Serum-Free (CSC) medium with RocketFuel^™^, supplemented with 10% FBS (HyClone; GE Healthcare Life Sciences), 100 U/ml penicillin and 100 mg/ml streptomycin at 37°C under normoxic conditions of 100% humidity, 95% air and 5% CO~2~.

### Cell transfection

The miR-338-5p mimic, miR-338-5p inhibitor and miR-negative control (NC) were all purchased from GenePharma (Shanghai, China). Increased or decreased miR-338-5p expression was achieved by transfection of miR-338-5p mimic or miR-338-5p inhibitors, respectively. Transfection was performed using the instructions of HiPerfect Transfection reagent (Qiagen, Inc., Valencia, CA, USA), according to the manufacturer\'s protocol, and each group of cells was harvested 24--48 h after transfection for further assays.

### Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)

The serum was collected from the blood samples of the patients included in the study. For preparation of the serum samples, the blood was centrifuged at 3,000 × g at 4°C for 15 min. Total RNA was isolated from serum using RNAVzol reagent (Vigorous Biotechnology Beijing Co., Ltd., Beijing, China) according to the manufacturer\'s protocol. RNA purity was assessed at optical density (OD)~260~/OD~280~ (values, 1.7--2.0). RNA (1 µg) was reverse-transcribed into cDNA using Moloney Murine Leukemia Virus reverse transcription enzyme (Applied Biosystems; Thermo Fisher Scientific, Inc.) with specific primers, and amplified via qPCR using a Rotor-Gene 3000 Real-Time PCR system (Corbett Life Sciences; Qiagen, Inc., Valencia, CA, USA). The temperature protocol used for RT was as follows: 72°C for 10 min, 42°C for 60 min, 72°C for 5 min and 95°C for 2 min. To quantify the relative mRNA levels, qPCR was performed using SYBR^®^ Green Supermix (Bio-Rad Laboratories, Inc., Hercules, CA, USA) in an iCycler iQ Real-Time PCR Detection system. The PCR amplifications were performed in a 10 µl reaction system containing 5 µl SYBR Green Supermix, 0.4 µl forward primer, 0.4 µl reverse primer, 2.2 µl double-distilled water and 2 µl template cDNA. Thermocycling conditions were as follows: 95°C for 10 min followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min. Relative mRNA expression was normalized to U6 using the 2^−∆∆Cq^ method ([@b20-ol-0-0-10331]). Primer sequences are as follows: miR-338-5p-RT, 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACTC-3′; U6-RT, 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATG-3′; miR-338-5p, forward 5′-AACAATATCCTGGTGCTG-3′; U6, forward 5′-GCGCGTCGTGAAGCGTTC-3′; universal reverse primer, 5′-GTGCAGGGTCCGAGGT-3′.

### Cell proliferation assay

Following transfection for 72 h, cells were seeded into 96-well culture plates at a density of 2×10^4^ cells/well. After 3--4 h when cells had adhered to each well, 100 µl RPMI-1640 medium supplemented with 10% FBS, 100 U/ml penicillin and 100 mg/ml streptomycin and 10 µl Cell Containing Kit-8 (Dojindo Laboratories, Kumamoto, Japan) were added. The culture medium was placed in 5% CO~2~ at 37°C for 1, 2, 3, 4 and 5 days. A microplate reader (Molecular Devices, LLC, Sunnyvale, CA, USA) was used to determine the OD~450~ value.

### Cell migration and invasion assays

Cell migration assays were performed using Boyden chambers (8 µm pore filter; Corning Inc., Corning, NY, USA). For the cell invasion assay, the filter surfaces were precoated with Matrigel (BD Biosciences, San Jose, CA, USA). In brief, ACBRI-181 or Y79 cells were seeded at a density of 1×10^5^ cells/well for 24 h and then were transfected with NC or miR-338-5p inhibitor in the upper chamber in 500 µl CSC medium or RPMI-1640 medium without FBS. Cell culture medium (600 µl) with 20% FBS was plated in the lower chamber. After 48 h of incubation, non-migratory and non-invasive cells were removed using cotton swabs. The migratory or invasive cells located on the lower side of the chamber were fixed in methanol for 30 min at 37°C and stained with 0.5% crystal violet for 1 h at 37°C. Stained cells were counted in five random fields using fluorescence microscopy (magnification, ×40). All experiments were performed in triplicate.

### Cell cycle assays

ACBRI-181 or Y79 cells (\~1×10^6^) were trypsinized, washed twice with PBS and fixed in 70% ice-cold ethanol for 1 h. The samples were centrifuged at 300 × g for 5 min at 4°C, the ethanol removed and they were exposed to 100 mg/ml RNaseA (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) for 30 min at 37°C. Cell cycle was analyzed using cell cycle analysis kit (cat. no., KGA512; Nanjing KeyGen Biotech Co., Ltd., Nanjing, China), according to the manufacturer\'s protocols. Cellular DNA was stained with propidium iodide (Nanjing KeyGen Biotech Co., Ltd.) at 37°C for 30 min. Cell-cycle distributions were determined by flow cytometry using a BD FACSCalibur system (BD Biosciences, Franklin Lakes, NJ, USA) and data was analyzed using the ModFit software version 4.1 (Verity Software House, Inc., Topsham, ME, USA).

### Statistical analysis

Data are presented as the mean ± standard deviation. Two-tailed unpaired Student\'s t-tests were used for comparisons between two groups. Analysis of variance followed by Tukey\'s post hoc test were used for multiple group comparisons using SPSS (version 13; SPSS, Inc., Chicago, IL, USA). Receiver operator characteristic (ROC) curves were used to assess the potential of miR-338-5p as a biomarker, and the area under the curve (AUC) was recorded. To evaluate the diagnostic value of serum miR-338-5p for patients with RB, ROC analysis was performed to investigate the application of miR-338-5p alone or the combination of miR-338-5p and NSE. The cut-off value was calculated as: Youden index=sensitivity-(1-specificity). The test value corresponding to the maximum Youden index value can be used as cut-off value. To assess the association between serum miR-338-5p and clinical features as presented in [Tables I](#tI-ol-0-0-10331){ref-type="table"} and [II](#tII-ol-0-0-10331){ref-type="table"}, the χ^2^ test was applied. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Clinical data and characteristics of subjects

For patients with RB, 12 were classed as stages A, B and C, and 53 were classed as stages D and E. No significant difference was identified in age (P=0.196) or sex (P\<1.000) between healthy controls and patients with RB ([Table I](#tI-ol-0-0-10331){ref-type="table"}).

### Increased serum miR-338-5p in patients with RB

First, the presence of serum miR-338-5p in patients with RB and healthy controls was evaluated. The levels of serum miR-338-5p for all the patient samples and controls are presented in [Fig. 1](#f1-ol-0-0-10331){ref-type="fig"}. Compared with healthy controls (1±1.86), the level of serum miR-338-5p was significantly increased (43.54±15.6) ([Fig. 1](#f1-ol-0-0-10331){ref-type="fig"}).

### Diagnostic value of serum miR-338-5p in patients with RB

As presented in [Fig. 2](#f2-ol-0-0-10331){ref-type="fig"}, the AUC value for NSE was 0.660 \[95% confidence interval (CI), 0.558--0.752; P=0.0036\] with a cut-off value of 14.7, a sensitivity level of 58% and a specificity level of 74%. The AUC of NSE reached 0.989 with a cut-off value of 15.9, a sensitivity level of 94% and a specificity level of 100%. In contrast, the AUC value for combined use of miR-338-5p and NSE was 0.996 (95% CI, 0.957--1.000; P\<0.0001), with a sensitivity of 98% and a specificity of 100%.

### Association between serum miR-338-5p and clinical features

The association between serum miR-338-5p and clinical features was then analyzed. There was a loss of follow-up data from 15 patients with RB, as they could not be contacted, and these were not included in the analyses presented in [Table II](#tII-ol-0-0-10331){ref-type="table"}. No significant associations were identified between serum miR-338-5p and age, sex, laterality or International Intraocular Retinoblastoma Classification clinical stage ([Table II](#tII-ol-0-0-10331){ref-type="table"}).

### Decreased miR-338-5p inhibits RB cell proliferation and results in cell cycle arrest

To further evaluate the underlying molecular mechanism by which miR-338-5p affects the progression of RB, miR-338-5p inhibitor or NC was transfected into ACBRI-181 and Y79 cells for 1, 2, 3, 4 and 5 days. First, the transfection efficiency of the miR-338-5p inhibitor in ACBRI-181 and Y79 cells was determined. As presented in [Fig. 3A](#f3-ol-0-0-10331){ref-type="fig"}, transfection of miR-338-5p inhibitor significantly decreased the level of miR-338-5p in ACBRI-181 and Y79 cells for 1, 2, 3, 4 and 5 days. Furthermore, decreasing miR-338-5p induced slower proliferation of ACBRI-181 and Y79 cells at 2, 3, 4 and 5 days compared with those in the NC group ([Fig. 3B](#f3-ol-0-0-10331){ref-type="fig"}). Flow cytometric analysis indicated that the transfection with miR-338-5p inhibitor for 2 days led to significant cell cycle arrest in ACBRI-181 and Y79 cells compared with in the NC group ([Fig. 3C](#f3-ol-0-0-10331){ref-type="fig"}).

### Decreased miR-338-5p decreases the invasive and migratory capacity of ACBRI-181 and Y79 cells

The effects of miR-338-5p on ACBRI-181 and Y79 cells were also evaluated. The results indicated that transfection with miR-338-5p inhibitor significantly decreased the migration and invasion of ACBRI-181 and Y79 cells compared with in the NC group ([Fig. 4A and B](#f4-ol-0-0-10331){ref-type="fig"}, respectively), indicating the oncogenic role of miR-338-5p in the progression of RB.

### Increased miR-338-5p results in a poor survival rate for patients with RB

The overall survival rate was evaluated for patients with RB with high miR-338-5p (\>21.77) or low miR-338-5p (≤21.77) levels. To differentiate the high and low levels, the mean expression of miR-338-5p was calculated. A total of 50 patients completed the follow-up, and the follow-up success rate was 77.0%. Survival rates at 20, 40 and 60 months in the miR-338-5p low expression group were 88.5, 79.4 and 68.9%, respectively, whereas survival rates at 20, 40 and 60 months in the miR-338-5p high expression group were 79.8, 68.2 and 43.6%, which were significantly lower compared with those in miR-338-5p low expression group (P\<0.05; [Fig. 5](#f5-ol-0-0-10331){ref-type="fig"}).

Discussion
==========

With the increase in research on miRNAs and tumors, the suggestion that miRNAs can be used as novel diagnostic and prognostic tools and therapeutic targets has gradually been accepted ([@b21-ol-0-0-10331]). In the clinical setting, it is difficult to detect early-stage tumors in children ([@b22-ol-0-0-10331]). Chemotherapy easily induces drug resistance, and side effects of drugs can often cause secondary injury ([@b22-ol-0-0-10331]). All these factors markedly affect the diagnosis and treatment of childhood tumors. As the intrinsic association between miRNAs and tumors is gradually revealed, miRNAs have been identified to be equally applicable to tumors in childhood ([@b22-ol-0-0-10331],[@b23-ol-0-0-10331]).

In the present study, RT-qPCR was used to detect the expression of miRNA-338-5p in the serum of 50 patients with RB and healthy controls. Combining the clinical data of the participants, it was revealed that there were no significant differences in the expression of miR-338-5p between the age, sex, tumor stage and binocular disease of patients with RB ([Table I](#tI-ol-0-0-10331){ref-type="table"}). To determine the clinical value of serum miRNAs as RB tumor markers, the ROC curve of serum miRNA-338-5p combined with traditional tumor markers was established for the first time, to the best of our knowledge, in the present study. By comparing their respective AUC values, it was revealed that serum miR-338-5p combined with NSE had a larger curvilinear area compared with that of serum miR-338-5p alone when diagnosing RB. In the present study, the ROC curves for the miR-338-5p indicated a poor diagnostic value for each miRNA alone, although the P-value indicated some significance for the diagnosis of RB. The ROC of NSE alone was similar to that of miR-338-5p+NSE, which demonstrated the unreliability. However, an upregulation of AUC resulted in significantly decreased possibility of misdiagnosis, which would be expected if the accuracy improves; therefore, it is important to combine miR-338-5p+NSE for the diagnosis of RB. These results suggest that serum miR-338-5p may be of clinical value when the presence of RB is suspected, particularly when combined with NSE, and may improve the early diagnosis rate of RB.

The results of the present study indicated that there were no significant differences in the expression of serum miR-338-5p and the age, sex, binocular disease or tumor stage of children with RB. We hypothesize that serum miR-338-5p may serve a role in the signaling pathway of RB initiation. Once the tumor develops, the expression of miR-338-5p in serum will no longer change. It should be noted that the limited sample size of this experiment, resulting in the lack of abundant data on RB grouping, may be a possible reason for this result.

In addition, the oncogenic role of miR-338-5p was also investigated using an *in vitro* assay. Suppression of miR-338-5p induced slower proliferation of ACBRI-181 and Y79 cells at 2, 3, 4 and 5 days compared with that of the NC group. Flow cytometric analysis indicated that transfection with miR-338-5p inhibitor led to significant cell cycle arrest in ACBRI-181 and Y79 cells compared with that of the NC group. Furthermore, transfection with miR-338-5p inhibitor significantly decreased migration and invasion of ACBRI-181 and Y79 cells, revealing the oncogenic role of miR-338-5p in the progression of RB. Previous studies have indicated that miR-338-5p functions as an oncogenic miRNA in melanoma tissues via targeting cluster of differentiation 82, and targeting teashirt zinc finger homeobox 3 and matrix metalloproteinase-2 in glioma ([@b17-ol-0-0-10331],[@b18-ol-0-0-10331]). In future studies, we will further investigate whether these targets were important for miR-338-5p in the progression of RB. However, the present study also has the following shortcomings: i) Chromatin immunoprecipitation technology was not used for the patients with RB and normal control serum samples for preliminary screening of miRNAs, limiting the selection of miRNAs tested; ii) the sample size included in the present study requires expansion in other studies so that it can be more valuable in clinical staging by the comparative analysis of experimental results; iii) RB tissue samples are required for detection, thereby elucidating the association between RB tissue and serum miR-338-5p expression.

In conclusion, the low expression of miR-338-5p in the serum of patients with RB suggests that it may be involved in the formation of RB. Serum miR-338-5p has the potential to be a tumor marker of RB, and, in combination with NSE, miR-338-5p may improve the early diagnosis rate of RB.
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![Compared with healthy controls, the level of serum miR-338-5p is significantly decreased. \*\*\*P\<0.001 vs. healthy control. RB, retinoblastoma; miR, microRNA.](ol-18-01-0307-g00){#f1-ol-0-0-10331}

![Receiver operator characteristic analysis was performed to investigate the application of miR-338-5p alone or miR-338-5p in combination with NSE for the diagnosis of retinoblastoma. NSE, neuron-specific enolase; miR, microRNA.](ol-18-01-0307-g01){#f2-ol-0-0-10331}

![Decreased miR-338-5p levels inhibit RB cell proliferation and result in cell cycle arrest. (A) The transfection of miR-338-5p was evaluated in ACBRI-181 and Y79 cells for 1, 2, 3, 4 and 5 days using reverse transcription-quantitative polymerase chain reaction. (B) Suppression of miR-338-5p by using an miR-338-5p inhibitor resulted in slower proliferation of ACBRI-181 and Y79 cells at 2, 3, 4 and 5 days compared with those in the NC group. (C) Flow cytometric analysis demonstrated that transfection with the miR-338-5p inhibitor led to significant cell cycle arrest in ACBRI-181 and Y79 cells compared with the NC group. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001 vs. NC group. RB, retinoblastoma; NC, negative control; miR, microRNA; OD, optical density.](ol-18-01-0307-g02){#f3-ol-0-0-10331}

![Decreased miR-338-5p levels results in decreased invasion and migration capacity of ACBRI-181 and Y79 cells compared with the NC group. \*\*P\<0.01, \*\*\*P\<0.001 vs. NC group. NC, negative control; miR, microRNA.](ol-18-01-0307-g03){#f4-ol-0-0-10331}

![Overall survival rate was evaluated between patients with retinoblastoma with high miR-338-5p or low miR-338-5p levels. Survival rates at 20, 40 and 60 months in the miR-338-5p low expression group were 88.5, 79.4 and 68.9%, respectively, and survival rates at 20, 40 and 60 months in the miR-338-5p high expression group were 79.8, 68.2 and 43.6%, respectively. miR, microRNA.](ol-18-01-0307-g04){#f5-ol-0-0-10331}

###### 

Clinical features of the patients with RB and healthy control participants.

  Variable                         Patients (n=65)   Controls (n=65)   P-value
  -------------------------------- ----------------- ----------------- --------------------------------------------------------
  Average age, months; mean ± SD   24.6±16.5         27.92±12.03       0.196^[a](#tfn1-ol-0-0-10331){ref-type="table-fn"}^
  Sex, n (%)                                                           \<1.000^[b](#tfn2-ol-0-0-10331){ref-type="table-fn"}^
    Male                           39 (60.0)         31 (47.7)         
    Female                         26 (40.0)         34 (52.3)         
  Laterality, n (%)                                                    
    Unilateral                     45 (69.2)         N/A               
    Bilateral                      20 (30.8)         N/A               
  IIRC clinical stage, n                                               
    Stages A-C                     12                N/A               
    Stages D-E                     53                N/A               
  NSE level, ng/ml; mean ± SD      27.4±7.0          10.6±3.5          \<0.0001^[a](#tfn1-ol-0-0-10331){ref-type="table-fn"}^

Independent t-test

Pearson χ^2^; IIRC, International Intraocular Retinoblastoma Classification; N/A, not applicable; NSE, neuron-specific enolase.

###### 

Association between serum microRNA-338-5p and clinical features.

  Variable              n    χ^2^    P-value
  --------------------- ---- ------- ---------
  Age, months                4.750   0.562
  \<12                  22           
    \>12                28           
  Sex                        0.009   0.856
    Male                33           
    Female              17           
  Laterality                 0.150   1.060
    Unilateral          36           
    Bilateral           14           
  IIRC clinical stage        1.350   0.554
    Stages A-C          11           
    Stages D-E          39           

IIRC, International Intraocular Retinoblastoma Classification.
